Tunicamycin induced morphological changes in many bacteria and yeasts. These results indicate that tunicamycin might become a useful tool in studies of cell surface synthesis and cell division. This paper deals with induction of morphological changes in microorganisms by tunicamycin and its effect on synthesis and degradation of cellular macromolecules.
Materials and Methods
Culture media. Bouillon containing 7.0g meat extract, 10g Polypeptone and 3.0g NaCl per 1,000 ml (Kyokuto Pharmaceutical Industries, Tokyo) was used for the cultivation of bacteria except mycobacteria which were grown in Dubos medium(Nippon Eiyo Kagaku Kaisha, Tokyo). Yeasts were grown in bouillon supplemented with 2 % glucose.
Effect of tunicamycin on microbial growth. Cultures incubated overnight were diluted 10-fold with prewarmed fresh mediumin L-tubes and grown on a shaker at 30°C. During the middle log phase of growth, 1ml of the cultures was mixed with 9ml fresh medium containing specified concentrations of tunicamycin. Growth was followed by measuring the optical density at 550m/z (ODssOm^) of the cultures.
Viable counts were determined in some cases. Photographs of microorganisms were taken without fixation. Synthesis of macromolecules. Synthesis of the cellular macromolecules in Bacillus subtilis W23was assessed by the incorporation of appropriately labeled precursors for the macromolecular fractions. Specifically, 0.5julC'i of 14C-amino acid mixture was added per 10ml of culture medium to follow protein synthesis, 10juCi of 3H-uridine per 10ml of broth was added to follow ribonucleic acid (RNA) synthesis, 10jaC\ of 3H-thymidine per 10ml of broth was added to follow deoxyribonucleic acid (DNA) synthesis, and 0.5,aCi of 14C-glucosamine per 10 ml of broth was added to follow synthesis of glucosamine-containing macromolecules. In these labeling experiments, cultures of B. subtilis W23at the middle log phase of growth were diluted with medium containing one-tenth of the normal concentration of the constituents, supplemented with phosphate-buffered (0.05m, pH 7.3) physiological saline. Precursors and tunicamycin were added during the early log phase of the growth cycle.
Sample TCA-insoluble radioactivity was counted.
Chemicals. Tunicamycin was prepared according to the method reported previously1) and the same lot of the antibiotic was used throughout these experiments. Uridine-5-3H
(specific activity, 5.0Ci/mM), thymidine-6-3H (specific activity, 25.3 Ci/mM) and D-glucosamine-l-14C (specific activity, 55.6 mCi/mM) were purchased from the Radiochemical Centre, 
Results

I. Effect of Tunicamycin on Growth and Morphology of Microorganisms
The effect of tunicamycin on the growth and morphologyof microorganisms was examined with 138strains of bacteria and 8 strains of yeasts. Microorganisms grown in the presence of tunicamycin showed various responses to the antibiotic.
Extensive inhibition of cell division, i.e., elongation, was observed with B. subtilis IAM 1069 (Plate 1) and IAM 1214, and cell length was more than 30-fold that of the controls.
Spherical conversion was detected with some rod-type bacteria, and B. cereus IAM 1110 was a typical example (Plate 2). The most frequent change observed with B. subtilis cultures were chain-formation and tadpole-like appearance, i.e., cells grew in chains and some of the rod-shaped forms would then converted to cocci, giving the cultures a tadpole-like appearance whenobserved under the microscope.
Some morphologically altered bacteria grew to a similar extent as controls as followed by measurement of ODssom^(e.g., B. megaterium, Fig. 1 IAM 1069 was treated with tunica-B.cereus IAM1110 was grown at 30°C in the mycin (0.5j«g/ml) at 30°C, and the photographs presence of tunicamycin (2.O^g/nil), and the were taken after a 10-hour period of treatment.
photographs were, taken after a 3-hour period of treatment. The most significant discrepancy between ODssom/*and viable cell counts was observed with B. sphaericus (Fig. 1 ). A culture of B.suhtilis W23 in the log phase of the growth cycle was mixed with fresh medium containing tunicamycin (0.5, 1.0 or 10^g/ml). Ten microcuries of 3H-uridine and 0.5/«Ci of 14C-amino acids were added per 10ml of broth to follow the process of RNAand protein synthesis, respectively. Precursors and tunicamycin were added at the same time. Sample portions (0.5ml) were withdrawn from the cultures at appropriate time intervals. The samples were made 5%with cold TCA; the acidinsoluble fractions collected on membranefilters and counted in 10ml of scintillation liquid. Bacterial growth was followed by measuring OD55Qm,j of the cultures. Fig. 3 . Effect of tunicamycin on the growth of B. subtilis and synthesis of DNA and glucosamine-containing cellular macromolecules. B.subtilis W23 was treated with tunicamycin (0.5, 1.0 or 10jug/ml), and synthesis of DNAand glucosamine-containing cellular macromolecules was assessed by the incorporation of 3H-thymidine (1. 0juCi/ml) and 14C-glucosamine (0. OS^Ci/ml), respectively, into the acid-insoluble fractions.
The procedure was the same as described in the legend to Fig. 2 S.subtilis W23was grown in the presence of tunicamycin(0.5, 1.0or 10jMg/ml).-OD55omj«and the incorporation of 3H-uridine, 3H-thymidine, 14C-amino acids or 14C-glucosamine into the acidinsoluble macromolecular froctions were compared after 3-hour period of treatment.
The figures in the Table were RNA and DNA began to degrade at nearly the same time. Extensive RNA degradation took effect before cell lysis became evident in the presence of 10, 1 or 0.5#g/ml of tunicamycin (Fig.  4A, B ). Significant DNA degradation was initiated at the onset of cell lysis in the presence of 10 or 1^g/ml of tunicamycin.
At 0.5 jug/ml of tunicamycin, DNAdegradation was insignificant. Only trace amounts B.subtilis W23cells were prelabeled for two to three generations in the early log phase of the growth cycle with 1.0[xC'x of 3H-uridine and 0. 1;«Ci of 14C-amino acids per 10ml of culture medium. After the labeling period, cells were recovered by centrifugation, washed, and resuspended in 40ml fresh culture medium. The suspension was divided into four equal portions, and tunicamycin (0.5, 1.0 or 10^g/ml) was added to three. The cultures were reincubated, and sample portions (0. 5ml) were withdrawn at regular time intervals. Cold TCA-insoluble fractions were collected on filters and counted in 10 ml scintillation liquid. B. subtilis W23cells were prelabeled for two to three generations in the early log phase of the growth cycle with l.OjuCi of 3H-thymidine and 0. 1 (id of nC-glucosamine Per^ml of culture medium. Stability of DNAand glucosamine-containing cellular macromolecular fractions was assessed by measuring radioactivity in the acid-insoluble fractions as described in the legend to conditional mutants, for elucidation of the mechanism of cell division in B. subtilis. Tunicamycin affected the syntheses of protein, RNAand DNAin B. subtilis W23 slightly, but incorporation of glucosamine into the acid-insoluble macromolecular fractions was strongly inhibited. A similar effect of the antibiotic was observed with animal cells, and it was found that tunicamycin interferes with membranesynthesis, especially the plasma membranerather than the endoplasmic reticulum (ref. detected and a very heterogenous radioactivity region was observed between the 23S and 4S RNAregions.
